Background and Purpose-To date, no clinical score has become widely accepted as an eligible prehospital marker for large vessel occlusion (LVO) and the need of mechanical thrombectomy (MT) in ischemic stroke. On the basis of pathophysiological considerations, we propose that cortical symptoms such as aphasia and neglect are more sensitive indicators for LVO and MT than motor deficits. Methods-We, thus, retrospectively evaluated a consecutive cohort of 543 acute stroke patients including patients with ischemia in the posterior circulation, hemorrhagic stroke, transient ischemic attack, and stroke mimics to best represent the prehospital setting. Results-Cortical symptoms alone showed to be a reliable indicator for LVO (sensitivity: 0.91; specificity: 0.70) and MT (sensitivity: 0.90; specificity: 0.60) in acute stroke patients, whereas motor deficits showed a sensitivity of 0.85 for LVO (specificity: 0.53) and 0.87 for MT (specificity: 0.48). Conclusions-We propose that in the prehospital setting, the presence of cortical symptoms is a reliable indicator for LVO and its presence justifies transportation to an MT-capable center.
M echanical thrombectomy (MT) preceded by intravenous thrombolysis with alteplase has become standard treatment in stroke patients with acute cerebral ischemia caused by large vessel occlusion (LVO). 1 Although most regional stroke centers provide intravenous thrombolysis, MT is currently only offered by comprehensive stroke centers with endovascular competence. To select eligible patients in the prehospital setting and thus minimize treatment delay, a simple, fast, and sensitive triage tool is of paramount importance.
Various scores have been developed to predict LVO in the prehospital setting. However, to date, no score proved sensitive and feasible enough to become widely accepted. The most commonly used score is the National Institutes of Health Stroke Scale (NIHSS). However, its assessment and the calculation of suggested cutoff scores 2, 3 in the emergency setting are controversially discussed and may exceed both the aspired briefness and simplicity of the examination. 3 Several more easily assessable scores based on the motor deficits only (eg, Los Angeles Motor Scale 4 ) have been developed, but sensitivity rates of 0.74, for example, for a Los Angeles Motor Scale cutoff ≥4, suggest that motor symptoms alone might not be the most reliable parameter for LVO prediction. The main confounding factor concerning motor deficits in terms of sensitivity and specificity is that they may be caused by lesions at multiple sites (internal capsule, motor cortex, and brain stem) and, thus, be provoked either by small vessel disease or proximal occlusion of the middle cerebral artery (M1). Neuropsychological symptoms, on the contrary, only occur in the case of cortical damage caused by M1/ M2 occlusion with insufficient leptomeningeal collateral blood flow. 5 Neuropsychological deficits might, therefore, serve as a better predictor of MT-accessible occlusions than hemiparesis.
Some more recently developed scores try to find a balance between motor and neuropsychological deficits such as aphasia or neglect (eg, RACE [Rapid Arterial Occlusion Evaluation], 6 PASS [Prehospital Acute Severity Scale], 7 VAN [stroke vision, aphasia, neglect assessment] 8 ) and accordingly lead to higher sensitivity rates (for an overview, see Table 1 ). Beside the fact that most scores again rely on the calculation of cutoffs, 6, 7 most of these studies are based on selected patient groups (eg, exclusion of hemorrhagic stroke 6, 8 or patients with intravenous thrombolysis only 7 ). Although increasing specificity, these circumstances do not reflect the prehospital
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situation. Furthermore, none of these studies investigates cortical symptoms (CSs) alone as possible predictive parameters for LVO. For example, the VAN score 8 and the recently published ACT-FAST algorithm 13 are only calculated when a motor deficit is present. We here suggest, however, that CSs alone and independently from motor deficits might be more sensitive and specific prehospital markers for LVO.
Picking up on these issues, the present investigation reflects on neuroanatomical considerations with special regard to CSs and feasibility of assessment in the emergency setting. We explicitly refrained from excluding ischemia in the posterior circulation or intracranial hemorrhage a priori to represent the prehospital conditions more realistically. We suggest that neuropsychological deficits alone are complementary and comparably sensitive and more specific indicators for LVO. Furthermore, we propose that the additional consideration of hemiparesis in terms of a logical OR and AND combinations will add up to a generally higher sensitivity and specificity, respectively. To test this hypothesis, we retrospectively evaluated a cohort of 543 stroke patients.
Methods
The data that support the findings of this study are available from the corresponding author on reasonable request. We retrospectively evaluated sensitivity, specificity, and positive and negative predictive values for motor deficits and neuropsychological deficits (ie, aphasia and neglect) in patients with LVO and MT in a 1-year stroke collective (all patients that were consecutively admitted to our neurology department in 2015). Neurological examination was conducted at admission by an experienced neurologist and documented as a written report and NIHSS score with subscores. For the present study, the following NIHSS items were evaluated: presence of hemiparesis of upper or lower extremity (drift of any severity), of visual neglect, and of aphasia.
For the evaluation of visual neglect, deviation of gaze and head position were taken as signs of visual neglect.
14 Gaze deviation was analyzed by testing conjugate horizontal eye movements with deviation that could not be overcome by following the examiner's finger; deviation of head was tested first spontaneously and second after addressing the patient by his full name (part of the routine examination). Presence of visual neglect was scored when deviation of head or gaze and hemi-inattention were present during the examination. Similarly to the evaluation in the ACT-FAST algorithm, 13 this method was chosen in preference to the NIHSS extinction assessment for 2 reasons: (1) visual extinction does not equal visual neglect 15 and second (2) evaluation of extinction might be more complex (and unreliable) in uncooperative patients with acute stroke.
For the evaluation of aphasia, patients were asked to name an object shown to them (a ballpoint pen). Also, attention was paid to spontaneous speech and the following of verbal commands as part of the routine patient-paramedic (or patient-medic) interaction and evaluated accordingly. Presence of aphasia was scored when the patient did not identify the objects, follow the verbal command, or in case of severe loss of fluency.
On admission, all patients underwent cerebral imaging, performed on either (1) a 64 (Somatom Definition AS 64) or 128-detector-row computed tomography scanner (Somatom Flash, Siemens Healthineers, Forchheim, Germany; 3-5 mm reconstructed slice thickness) supplemented by either computed tomography angiography or intracranial ultrasound or (2) a magnetic resonance imaging scanner (SiemensHealthineers; 5 mm reconstructed slice thickness) supplemented by either magnetic resonance angiography or intracranial ultrasound. A neuroradiologist and a clinical neurologist, both experienced in stroke imaging interpretation, assessed the images. LVO was defined as occlusion of the internal carotid artery and of proximal segments (M1, M2) of the middle cerebral artery.
All patients with suspicion of cerebral stroke admitted to our emergency department (seen primarily by a neurologist, present 24/7) in 2015 and arriving within the time frame of 4.5 hours were included (group A). In a second step, patients with intracerebral hemorrhage, with transient ischemic attack (TIA) and stroke mimics were excluded (group B). This second-step analysis has severe limitations as it no longer reflects the prehospital setting. But because most of previously evaluated scores were tested on similarly selected patient groups, 6, [8] [9] [10] [11] [12] this second-step analysis allows comparability of this study's results with those of previous studies. Moreover, the contrasting of the 2 groups will reveal the validity of our proposed approach in the prehospital setting, focusing on CSs only. Statistical analysis included the calculation of sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy of clinical symptoms (any cortical sign, aphasia alone, neglect alone, hemiparesis alone) and their combinations (cortical sign or hemiparesis, cortical sign and hemiparesis) for LVO and MT with respective 95% CIs, calculated by the efficient-score method. 16 Receiver operating characteristic curves with areas under the curve for the total NIHSS score are calculated and plotted. All statistical analyses were performed using SPSS software (version 23.0).
Ethics approval was obtained from the local institutional review board, and written informed consent was obtained from patients.
Results
In 2015, a total of 1661 patients with suspicion of stroke were admitted to our neurology department. Of those, 615 patients arrived within the time frame of 4.5 hours on symptom onset. Taken together, 72 patients had to be excluded from further analysis: n = 28 because no detailed neurological examination was possible (eg, intubated/comatose at admission) and n = 44 because their neurovascular imaging data (eg, unenhanced computed tomography with no further information on vessel status) were incomplete.
After exclusion of these patients, the data of the remaining 543 patients with suspicion of stroke (group A) were assessed and analyzed regarding their neurological symptoms, presence of LVO, and acute therapy (especially MT; see flowchart in Figure 1 ). The median age in this group was 74 years (interquartile range: 62-81), median baseline NIHSS score was 5 (interquartile range 2-13), and 42.9% were female.
Of these 543 patients (group A, prehospital setting), 39 had a hemorrhagic and 504 an ischemic stroke. In the group of 504 patients with ischemic stroke, 181 patients had LVO; 273 patients were treated exclusively with intravenous thrombolysis, 109 were treated with MT preceded by intravenous thrombolysis. Three hundred twenty-three of these patients experienced some degree of hemiparesis, 165 patients showed CSs. Analysis of only motor symptoms concerning LVO showed a sensitivity (sensitivity) of 0.85, a specificity of 0.53, a PPV of 0.47, and an NPV of 0.87. Analysis of only CSs for LVO, on the contrary, showed a sensitivity of 0.91, a specificity of 0.70, a PPV of 0.60, and a NPV of 0.94. Concerning MT only motor symptoms showed a sensitivity of 0.87, a specificity of 0.48, a PPV of 0.29, and an NPV of 0.94. Analysis of only CSs for MT showed a sensitivity of 0.90, a specificity of 0.60, a PPV of 0.36, and an NPV of 0.96.
The combination of any CS and hemiparesis was present in 209 patients (sensitivity for LVO 0.79; sensitivity for MT 0.82). The presence of either (any CS or hemiparesis present in 388 patients) showed the highest sensitivity scores for LVO (0.97) and MT (0.95). All values of sensitivity, specificity, PPV and NPV, and accuracy, as well as their 95% CIs are given in Table 2 .
In a second step, we excluded patients with possible TIA (n=120, duration of symptoms <24 hours, and no evidence of ischemia in imaging including stroke mimics), hemorrhagic stroke (n=39), and infarctions in the vertebrobasilar territory (n=74) and in multiple territories (n=20) and evaluated a subgroup of patients with imaging-proven ischemia exclusively in the anterior circulation (group B; see lower part of flowchart in Figure 1 and results in lower half of Table 2 ). In the group of possible TIA (n=120), 69 were classified as TIA patients, whereas 51 patients were later identified as stroke mimics in further diagnostic work-up. These included epileptic causes (n=26), migraine (n=8), hypertensive encephalopathy (n=7), syncope (n=6), functional genesis (n=4), peripheral vestibular pathology (n=3), delirium (n=1), and microangiopathic lesion of the third cranial nerve (n=1).
Group B comprised 290 patients; the median age was 75 years (interquartile range: 65-82), median baseline NIHSS score was 10 (interquartile range: 4-16), and 48.6% were female. One hundred eighty-one of these patients had LVO, and 95 underwent MT. Reasons for not conducting MT despite LVO (n=86) were M2 occlusion (n=51; not performed according to 2015 guidelines), imaging criteria (n=27, infarction too large, sufficient cortical perfusion), amelioration of the deficit (n=3), and other contraindications (n=5), like concurrent diseases. In this subgroup, 224 patients had a hemiparesis at admission (sensitivity for LVO 0.85; sensitivity for MT 0.91) and 206 patients had CSs (sensitivity for LVO 0.91; sensitivity for MT 0.99). Aphasia was present in 113 patients, 85 of these had a LVO (sensitivity 0.47), and 44 underwent 
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MT (sensitivity 0.46); neglect was present in 161 patients, in which 137 were LVO positive (sensitivity 0.76) and 84 received MT (sensitivity 0.88). The combination of hemiparesis and any CS was present in 167 patients (sensitivity for LVO 0.79; sensitivity for MT 0.90). The presence of either (any CS or hemiparesis) again showed the highest sensitivity scores for LVO (sensitivity 0.97) and MT (sensitivity 1.00).
Respective values of sensitivity, specificity, PPV, and NPV are given in Table 3 . Receiver operating characteristic curves for analysis of the validity of total NIHSS score to predict LVO or MT are shown in Figure 2 for both, the entire collective (n=543, group A) and the subgroup with ischemia in the anterior circulation (n=290, group B). Compared with any possible cutoff value of the NIHSS score, the single items (any CS or neglect only or combination of any CS plus hemiparesis) showed similar validity in prediction of LVO or MT.
Discussion
The present results show that CSs-aphasia and neglecteven when considered alone and without motor symptoms are complementary and highly sensitive markers for LVO (sensitivity 0.91) and MT (sensitivity 0.90). The consideration of CSs in combination with hemiparesis leads to a higher sensitivity (OR; sensitivity 0.97) and higher specificity (AND; specificity 0.81). In contrast to previously evaluated scores, these data are derived from a cohort of consecutively admitted patients (group A), and no patients were excluded because of hemorrhagic stroke or subsequent therapy. In our opinion, these results, therefore, present 2 highly interesting novel findings: first, it can be applied to prehospital conditions, and second, this is the first study to compare CSs alone to hemiparesis. When evaluating the presence of CSs only in patients with ischemia in the anterior circulation (group B), sensitivity increases further to 0.97 for LVO and to 0.99 for MT, even though a posteriori selection of these patients clearly no longer reflects the prehospital situation.
These high sensitivity rates are slightly better, but in general in line with the findings of previous studies that include gaze deviation or neglect symptoms and speech changes in their scoring system. [6] [7] [8] [9] [10] [11] [12] However, our results are characterized by a high validity for the use in the prehospital setting because we did not preselect the patient cohort; most of the previous studies excluded hemorrhagic stroke, for example, the 3I-SS (3-Item Stroke Scale), 9 the CPSSS (Cincinnati Prehospital Stroke Severity Scale), 10 the FAST-ED (Field Assessment Stroke Triage for Emergency Destination), 11 the LEGS (Texas Stroke Intervention Pre-Hospital Stroke Severity Scale), 12 the PASS, 7 or the VAN. 8 Our cohort (group A; prehospital setting), on the contrary, includes patients who turned out to have hemorrhagic stroke, TIA, ischemia in the posterior circulation, and also stroke mimics.
Remarkably, neglect symptoms alone achieve the highest PPVs for LVO (0.68 in prehospital setting, group A; 0.85 in imaging-proven ischemia exclusively in the anterior circulation, group B), underlining the importance of evaluation of CSs and the fact that neglect is frequent after right-and left-hemispheric lesion in acute stroke. 17 In the NIHSS, functions of the right hemisphere and respective CSs are underrepresented in contrast to motor deficits (maximum of motor points: 19 versus maximum of neuropsychological points: 10). A mere sum score or cutoff of the NIHSS score does not discriminate between cortical and subcortical Given in the table are numbers of patients in group A with hemiparesis, with cortical symptoms including aphasia or neglect/gaze deviation, those with the combination of a cortical symptom and hemiparesis, and those with either cortical symptoms or hemiparesis in the group of LVO (patients with occlusion of internal carotid artery/M1/ M2; second column, upper part) or no LVO (third column, upper part), and in the group of MT (patients who underwent mechanical thrombectomy, second column, lower part) or no MT (third column, lower part), respectively. Given are values of SEN, SPE, PPV, and NPV with their respective 95% CI (always given in round brackets), and ACC of respective symptom or syndrome for LVO (upper part) and MT (lower part). ACC indicates accuracy; LVO, large vessel occlusion; MT, mechanical thrombectomy; NPV, negative predictive value; PPV, positive predictive value; SEN, sensitivity; and SPE, specificity.
ischemia, as its composition is not reflected by the score. Additionally, LVO is also observed in a relevant number of patients with low NIHSS scores at initial presentation. 3 Because of the emphasis of CSs with the neuropsychological deficits as starting point, it can be assumed that following our approach, no patient is missed who might have an indication for MT but will not (yet) score high in the NIHSS. This is also reflected by the low false-negative rates of CSs for LVO (0.09) and MT (0.1) in group A and underlines the suitability of these symptoms as screening parameters. For aphasia, it has been shown that it occurred only rarely as isolated symptom and, if so, is caused only rarely by cerebral ischemia. 18 This again underlines the feasibility of our approach: (1) if a CS is present in suspicion of acute stroke, the rate of further neurological deficits will be high, so screening for the latter is of secondary importance; (2) transport to a MT-capable center of the few patients with isolated CS is ethically indicated because of the possibility of LVO and economically justifiable just because patients with isolated CSs are rare.
This hypothesis is underlined by the results of the recently published ACT-FAST algorithm, 13 which explicitly requests motor symptoms as an eligibility step with the aim of a higher accuracy of endovascular-eligible patients. Even though presenting with high specificity (93.5%) and accuracy (91.7%) rates, sensitivity rates dropped at 85.7%. This study nicely reflects the difficult trade-off between specificity and sensitivity. As mentioned above, in our opinion, however, a screening tool should aim at the high sensitivity rates.
As shown in the receiver operating characteristic curves (Figure 1) , the best combination of sensitivity and specificity is achieved by an NIHSS score cutoff between 7 and 10 for LVO or between 11 and 14 for MT. When comparing the validity of our approach of any CS or the combination of CS and hemiparesis, both show a similar position, again underlining the importance of CSs for LVO prediction. Our approach also benefits from its simplicity: there is no need to calculate a cutoff score (as required for the 3I-SS, 9 the CPSSS, 10 the FAST-ED, 11 the LEGS, 12 the PASS, 7 or the RACE 6 ) or to consider prerequisite conditions (as required for the VAN 8 ). The present study has limitations: It is a retrospective analysis and a single-center study. Besides evaluation of the NIHSS score, we applied no other screening instrument. Additionally, we excluded patients outside the 4.5 hours time frame in our 2015 cohort, whereas recent data suggest that patients arriving within 24 hours after symptom onset should be considered. 19 Moreover, evaluation of aphasia and visual neglect might be challenging in the paramedical emergency setting as it is not a mandatory part of the routine examination everywhere. If presented as an isolated symptom (eg, pure aphasia), it can be challenging to diagnose correctly even for experienced clinicians. Additionally, evaluation of these symptoms is not yet standardized. On the contrary, investigation of neglect and aphasia are in many ways already included in the routine patient-paramedic contact, such as investigation of the eyes and pupils, close regard to hemi-inattention during the examination, to the following of a verbal command and fluency of speech. Previous studies met this issue by especially training nurses or prehospital emergency medical services in the evaluation of CSs. 6, 8 In this Given in the table are numbers of patients in group B with hemiparesis, with cortical symptoms including aphasia or neglect/gaze deviation, those with the combination of a cortical symptom and hemiparesis, and those with either cortical symptoms or hemiparesis in the group of LVO (patients with occlusion of internal carotid artery/ M1/M2; second column, upper part) or no LVO (third column, upper part), and in the group of MT (patients who underwent mechanical thrombectomy, second column, lower part) or no MT (third column, lower part), respectively. Given are values of SEN, SPE, PPV/NPV with their respective 95% CI (always given in round brackets), and ACC of respective symptom or syndrome for LVO (upper part) and MT (lower part). ACC indicates accuracy; LVO, large vessel occlusion; MT, mechanical thrombectomy; NPV, negative predictive value; PPV, positive predictive value; SEN, sensitivity; and SPE, specificity.
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context, validation of the RACE score (including as aforementioned evaluation of gaze/head deviation and evaluation of aphasia/agnosia) proved to be fast and feasible even though evaluation of CSs without any doubt added to its complexity and was discussed as such by the study's investigators. 6, 20 We, therefore, suggest that the presence of aphasia and neglect should be trained in a standardized way and prospectively tested.
In contrast to previous scores and especially the NIHSS score, our approach benefits from its high validity and its simplicity. On the basis of our results, we conclude that the presence of neuropsychological deficits as CSs is a valuable prehospital indicator for LVO and a reliable sine qua nonmarker for MT. The specificity is increased by the addition of the criterion of hemiparesis. Therefore, when acute stroke is suspected, we recommend the assessment of CSs with evaluation of gaze/head deviation and spontaneous speech. There is no need for further investigation of other (sub) items or calculation of scores: the presence of any CS in suspected acute stroke justifies immediate transportation to a MT-capable center.
